Object. The current cross-sectional observational MR imaging study aimed to investigate the prevalence and risk factors of lumbar disc degeneration in a healthy population and to establish the baseline data for a prospective longitudinal study.
I
ntervertebral disc degeneration is considered as a major source of low-back pain. A painful disc or DDD is a current topic in the orthopedic field, for which various treatment modalities have been attempted including spinal fusion, 4 ,20 disc arthroplasty, 22, 37 intradiscal thermal therapy, 11, 15 and biological treatment or regeneration medicine. 16, 28 However, the cause of symptomatic DDD is not fully understood. A great deal of interest has been placed on distinguishing abnormal symptomatic disc degeneration from normal age-related changes. 9, 13 Lumbar disc abnormalities were frequently detected in asymptomatic individuals. 6, 7, 30 Despite several prospective longitudinal investigations, 7, 12 the natural course of lumbar disc degeneration remains unclear. We need to determine the natural course and prevalence of lumbar disc degeneration in a healthy population, to distinguish pathological disc degeneration from normal age-related changes, and to optimize the future prophylactic biological interventions for aging disc.
Regarding the risk factors for degenerative disc disease, numerous studies attempted to find the factors affecting lumbar disc degeneration such as age, body weight, genetic factors, smoking status, and physical job activities, but it has not been determined which factors eventually cause the pathological process to progress.
The current study was undertaken to investigate the prevalence and risk factors of lumbar disc degeneration in a healthy population and to establish the baseline data for a prospective longitudinal study.
Methods
A total of 200 healthy volunteers, who were 30 to 55 years of age, participated in this study after providing informed consent. Individuals with low-back pain requiring sick leave and/or under any modalities of treatment (medication, physical therapy, epidural/nerve root injections, candidate for surgery, and so on) were excluded from this study. Those who had previously undergone lumbar surgeries were also excluded.
We obtained sagittal MR spin echo T2-weighted images (TR 4000 msec, TE 100 msec; slice thickness 5 mm; gap 1 mm; matrix 384 × 224; field of view 300 × 300 mm; number of excitations 3; echo train 16) using a 1.0-T system (Signa, GE Medical Systems) with a phased-array surface coil.
The MR images were independently evaluated by 1 neuroradiologist (C.T.) and 1 spine surgeon (M.K.) who were blinded to each individual's demographic data. In cases of interobserver disagreement, another spine surgeon (D.T.) served as the tie breaker.
Each level from L1-2 to L5-S1 was assessed for the presence of disc degeneration (decreased disc intensity), Schmorl node, 35 endplate/adjacent bone marrow change (Modic change), 23 the HIZ within the dorsal anulus fibrosus, 2,10,26 disc herniation, and spondylolisthesis. Disc intensity was evaluated using the Schneiderman classification ( Fig. 1 ) (Grade 0, normal height and signal intensity; Grade 1, speckled pattern or heterogeneous decreased in tensity; Grade 2, diffuse loss of signal; and Grade 3, sig nal void). 32 Demographic data collected included age, sex, body mass index (BMI), episode of low-back pain, smoking status, physical daily activities (hours of sitting and standing), Roland-Morris Disability Questionnaire, and Oswestry Disability Index.
Statistical analyses of association between demographic variables and MR imaging findings (disc degeneration of Grade 2 to 3, Modic change, HIZ within the anulus fibrosus, and herniated disc) were performed using multiple logistic regression model. Explanatory variables included age, sex, BMI, episode of low-back pain, smok- Fig. 1 . The MR imaging grading system for determining the severity of disc degeneration: Grade 0, normal disc height and signal intensity; Grade 1, speckled pattern or heterogeneous decreased intensity; Grade 2, diffuse loss of signal; and Grade 3, signal void.
ing status, and hours of sitting and standing. Risk estimates were expressed as ORs for all variables with 95% CI. The level of significance was set at p = 0.05.
Results
There were 68 men and 132 women whose mean age was 39.7 years (range 30-55 years). The BMI was averaged to 22.6 ± 3.6%. Eighty-two individuals (41%) were smokers. The Roland-Morris Disability Questionnaire and Oswestry Disability Index were 0.6 ± 1.6/24 and 5.7 ± 6.5/100, respectively. The demographic data are listed in Table 1 .
In the 30-to 55-year-old healthy population, only 20-40% of lumbar discs were graded as normal ( Fig. 2A) . The prevalence of significant disc degeneration (Grade 2 and 3) was 7.0% in the L1-2, 12.0% in L2-3, 15.5% in L3-4, 49.5% in L4-5, and 53.0% in the L5-S1 disc space. Thus, half of these asymptomatic people had marked or severe degeneration in the L4-5 and L5-S1 discs.
A Schmorl node was observed in 4.0-9.5% of this population, and the prevalence was not different among the lumbar levels (Fig. 2B) . A Modic change and an HIZ were apparent in L4-5 and L5-S1 discs. The prevalence of Modic changes and HIZs was ~ 10 and 24% at the lower lumbar discs, respectively.
Herniated discs were observed in 0.5% in L1-2, 3.5% in L2-3, 6.5% in L3-4, 25.0% in L4-5, and 35.0% in L5-S1 (Fig. 2C ). Twenty-five percent of the individuals had an asymptomatic L4-5 herniated disc, and 33% had an asymptomatic L5-S1 disc herniation.
The prevalence of spondylolisthesis was extremely low in this healthy population. Only 5 individuals (2.5%) had degenerative spondylolisthesis, and 2 (1.0%) had isthmic spondylolisthesis.
Multiple logistic regression analysis was done to investigate the relation between demographics and lumbar disc abnormalities. Regarding disc degeneration (Grade 2 to 3), age was a significant risk factor when examining any disc levels except L5-S1 (Table 2) ; other parameters (episode of low-back pain, smoking status, BMI, and hours of standing/sitting) were not found to be significantly related to disc degeneration. As listed in Table 3 , a Modic change in the L4-5 endplate was related to low-back pain (OR 3.46, p = 0.035) and hours of sitting (OR 5.06, p = 0.039). An HIZ in the L4-5 disc was only related to the age group of 40-50 years (OR 2.55, p = 0.014). Smoking and BMI were not significantly related to Modic change and HIZ.
Risk factors for disc herniation are summarized in Table 4 . Hours of sitting was a significant risk factor related to L4-5 disc herniation (OR 3.52, p = 0.016). Smoking, BMI, and hours of standing were not significantly related to lumbar disc herniation.
Discussion
Lumbar disc abnormalities have been frequently detected in asymptomatic individuals. 6, 7, 30 Savage and colleagues 30 reviewed lumbar MR imaging findings in 149 working men and reported that 32% of asymptomatic individuals had abnormal findings (evidence of disc degeneration, disc bulging or protrusion, facet joint hypertrophy, or nerve root compression), and in 47% of those who had experienced low-back pain the lumbar spine was normal. Boden et al. 6 used MR imaging to investigate the lumbar spines of 67 asymptomatic individuals whose ages ranged from 20 to 80 years. They reported that lumbar disc abnormalities were found in one-third of the subjects, and 20% of those who were < 60 years old had a herniated nucleus pulposus.
Regarding the natural history of asymptomatic disc herniation, Boos and coworkers 7 have prospectively observed 46 asymptomatic individuals in MR imaging who demonstrated a high rate of disc herniations (73%). They found that disc herniations and neural compromise did not significantly worsen during a 5-year follow-up period, but disc degeneration progressed in 17 (41.5%) of 41 patients willing to undergo additional imaging. Elfering et al. 12 also evaluated the progression of lumbar disc degeneration in patients with a minimum 5-year MR imaging follow-up. Of the 41 individuals, 17 (41%) exhibited a deterioration of the disc status, but only a weak correlation existed between progressive disc degeneration and lowback pain development. However, these studies examined a small number of individuals, and may not have had a sufficient sample size to analyze the risk factors for disc degeneration. Thus, despite several prospective longitudinal investigations, 7,12 the natural history of asymptomatic lumbar disc degeneration remains unclear. A great deal of interest has been focused on distinguishing pathological disc degeneration from normal age-related changes. 9, 13 In the current cross-sectional MR imaging observational study, we investigated the prevalence of lumbar disc abnormalities in a population of 30-to 55-year-old healthy individuals to establish the baseline data for a prospective longitudinal study. The current study has the largest sample size in an MR imaging investigation of healthy people, which is required for reliable risk factor analysis. We believe that the current study adds additional reliable information to the literature. The results indicated that marked or severe disc degeneration was present in 7.0% of the population at L1-2, 12.0% at L2-3, 15.5% at L3-4, 49.5% at L4-5, and 53.0% at L5-S1. A Schmorl node was observed in 4.0-9.5% of lumbar levels in this population. Modic changes and HIZs were observed in ~ 10 and 24% of lower lumbar discs, respectively. Modic changes have been described by several authors as being associated with fissuring of the cartilaginous endplate and increased vascularity within the subchondral bone marrow, as well as being closely linked with low-back pain. 1, 23, 36 Additionally, an HIZ in the anulus fibrosus documented on T2-weighted MR images has been considered a diagnostic marker of painful internal disc disruption. 2, 27, 31 In the current study, however, these potential markers for painful disc were observed in a fair percentage of the asymptomatic population.
The prevalence of disc herniation in an asymptomatic population has been reported in the literature at between 20 and 36% in the lumbar region. 6, 18, 19 However, there is little information regarding the prevalence for each lumbar level. From an analysis of 2504 surgeries for lumbar disc herniation, Spangfort 33 has documented that symptomatic disc herniation is rare in the upper to middle lumbar regions (0.05% in L1-2, 0.2% in L2-3, and 1.8% in L3-4) and equally distributed at the L4-5 and L5-S1 levels (47.4 and 50.5%, respectively). We found that the prevalence of asymptomatic disc herniation was 0.5% at L1-2, 3.5% at L2-3, 6.5% at L3-4, 25.0% at L4-5, and 35.0% at L5-S1. The lower the lumbar level, the higher is the prevalence of disc herniation. An asymptomatic L5-S1 level was more frequent than an L4-5 level.
In the current study, multiple logistic regression analysis was conducted to investigate the relation between demographics and lumbar disc abnormalities. The results showed that age was a significant risk factor for disc degeneration (Grade 2 to 3) at any disc level except L5-S1, in which disc degeneration was common after the 4th decade of life. Episode of low-back pain and hours of sitting were significant risk factors for Modic change at the L4-5 level. Age increased the risk for L3-4 and L4-5 disc herniation; hours of sitting also increased the risk for L4-5 disc herniation.
Smoking 5, 8 and obesity 14, 17, 21 were considered as detrimental factors for lumbar disc degeneration. Battie and associates 5 used MR imaging to study pairs of identical twins highly discordant for cigarette smoking, and the authors found 18% greater mean disc degeneration scores in the lumbar spines of smokers than nonsmokers. Liuke et al. 21 also studied the association between being overweight and having lumbar disc degeneration in 129 working middle-aged men and showed that persistent overweight (BMI ≥ 25 kg/m 2 ) increased the risk of lumbar disc degeneration. In the current study, however, we could not find that episode of low-back pain, smoking, and BMI were detrimental factors for lumbar disc degeneration and herniated disc. Although hours of standing was not associated with lumbar disc herniation, hours of sitting significantly increased the risk of herniated disc in the lower lumbar level. These results may be associated with the fact that, compared with the intradiscal pressure of load in the upright standing position, unsupported sitting increases the load by 40%. 24 Several limitations of the current study should be addressed. First, the resolution of MR images may influence the assessment of disc degeneration. In the current study we used 1.0-T MR imaging, which does not provide high- resolution images because of a lower signal-to-noise ratio. This might be a major limitation of the present study. Disc intensity may be underestimated, and the prevalence of disc degeneration may be higher than that reported in the current study. However, 1.0-T MR imaging may have advantages including lower magnetic susceptibility artifact, 3, 29 which reduces distortion of images at the margins of bone marrow, endplate, disc, and dural sac, resulting in better evaluation of HIZ, Modic change, and Schmorl nodes.
Second, some criticisms may arise regarding the MR imaging grading system used in the current study. The Schneiderman classification simply stratifies disc intensity into 4 categories, 32 but recently more contemporary classifications have been advocated for assessment of disc degeneration.
25, 34 The Thompson disc degeneration classification was based on assessment of the gross morphology of midsagittal sections of lumbar intervertebral discs but, to be exact, was not an MR imaging classification. 34 Pfirrmann et al. introduced a comprehensive MR imaging grading system based on the assessment of structure, distinction of nucleus and anulus fibrosus, signal intensity, and the height of intervertebral discs. 25 They classified disc signal intensity into 4 categories (I and II, hyperintense; III, intermediate; IV, intermediate to hypointense; and V, hypointense). Also, the Schneiderman classification has 4 categories (Fig. 1) . Regarding the classification of signal intensity, therefore, the Pfirrmann and Schneiderman grading systems are almost equivalent.
Finally, some have questioned the clinical or practical relevance of the current results. By excluding symptomatic patients, the value of the risk factors suggested in the current study may lose clinical impact for the treatment of low-back pain or discogenic pain. As mentioned, the current study aimed to reveal the risk factors for disc degeneration, not for low-back or discogenic pain. We believe the present study adds important information to the epidemiology of disc degeneration.
In summary, the natural course and prevalence of lumbar disc degeneration in a healthy population need to be known to distinguish pathological disc degeneration from normal age-related changes and to optimize the future prophylactic biological interventions for aging disc. The baseline data we obtained for lumbar disc abnormalities in a healthy population can be used for a prospective longitudinal study to ascertain the natural course of lumbar disc degeneration.
Conclusions
An MR imaging analysis of 200 healthy individuals showed that half of the population had disc degeneration at lower lumbar levels. A herniated disc was observed in 25% of the population at L4-5 and 35% at L5-S1. Age and hours sitting were significant risk factors for L4-5 disc herniation. Episode of low-back pain, smoking status, obesity, and hours standing did not significantly affect the prevalence of disc degeneration and herniated disc.
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